RESULTS
Cloning of the CGTase gene in E. coli Ligation mixtures described above were used to transform E. coli HBlOl . The transformants were plated on the LB/starch plates and about 5 x lo4 colonies of the transformants were screened. About 1 x lo4 AprTcs transformants were obtained per pg DNA, and 15% of Apr transformants were Tcs. After the exposure of LB/starch plates to a KI/12 indicator, one colony had a large halo. Analysis by paper chromatography (Kobayashi et al., 1984) showed that this transformant had CGTase activity. The plasmid harboured by the transformant was designated pCS8. This plasmid could transform E. coli HBlOl to AprCGTase+ at a high frequency. The plasmid DNA was digested with several restriction endonucleases and the products analysed by agarose gel electrophoresis. The restriction map of the inserted DNA is shown in Fig. 1 .
Homology between the cloned fragment and chromosomal DNA To analyse the origin of the DNA inserted in pBR322, EcoRV-PuuII-digested pCS8 was biotinylated (Langer et al., 198 1 ) , and hybridized to EcoRV-PuuII-digested chromosomal DNAs of the alkalophilic Bacillus sp. strain no. 38-2 and E. coli HB101, which had been A detailed restriction map of the EcoRI-BclI fragment encoding the CGTase gene and the sequencing strategy are shown. The arrows below the line represent the direction and extent of sequence determinations done by the dideoxy chain termination method of Sanger et al. (1977) . The sequence of the 3'-HinfI--BclI fragment (dashed line) has not been determined.
immobilized on a nitrocellulose sheet (Southern, 1975) . The biotinylated plasmid hybridized to a 4.2 kb segment of DNA from alkalophilic Bacillus sp. strain no. 38-2, which was precisely identical in length to that of pCS8. However, no complementary sequences were detected in E. coli DNA fragments.
DNA sequence
We analysed the nucleotide sequence of a 2.5 kb EcoRI-BclI segment of pCS8. The DNA sequence was determined according to the strategy outlined in Fig. 2 . The DNA sequence and the deduced amino acid sequence are shown in Fig. 3 . Analysis of the sequence showed that there was a single open reading frame of 21 36 bp which could encode a polypeptide of 712 amino acids. A putative ribosome-binding site, a GAGGAGG sequence that was complementary to the 3' end of Bacillus subtilis 16s ribosomal RNA, was observed upstream of the open reading frame (Fig. 3 ). HBlOl(pCS8) was aerobically grown in LB broth for 24 h at 37 "C. The extracellular, periplasmic and cellular CGTase activities were assayed (Kato et al., 1983) . The CGTase activities localized in the extracellular, periplasmic and cellular fractions were 0.31, 3.42 and 2.09 U (ml culture)-', respectively, i.e. 5.3, 58.8 and 35.9%, respectively. As a reference, the distributions of a typical periplasmic protein, APase, and a typical cytoplasmic protein, Q-galactosidase (/?-gal), were determined. Neither enzyme activity was detected in the ti G T I' A~l''l"l ti A C C ti C: 4 9 0 5 0 0 5 1 0 5 2 0 6 3 0 5 4 0
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Hint1 Fig. 3 . The nucleotide sequence of the CGTase gene from alkalophilic Bacillus sp. strain no. 38-2. The DNA sequence is given in the direction 5' to 3', numbered from nucleotide 1 at the putative initiation site. The proposed ribosome-binding site (Shine-Dalgarno, SD) is underlined with a dotted line. The predicted amino acid sequence is given below the DNA sequence. The deduced position of processing of the signal peptide is indicated by an arrowhead. The boxed amino acids have been determined by automated Edman sequencing of the purified CGTase. The sequence containing an inverted repeat structure downstream from the termination codon TAA is designated by --. Fig. 4 . Ouchterlony double-diffusion analysis of CGTase. Well AB contained antibody to the purified CGTase from alkalophilic Bacillus sp. strain no. 38-2. Samples were added to the outer wells as indicated below. Well 1, periplasm fraction of E. coli HBIOl(pCS8); well 2, purified enzyme of alkalophilic Bacillus sp. strain no. 38-2; well 3, periplasm fraction of E. coli HBlOl(pBR322). extracellular fraction, 78% (APase) and 3% (P-gal) of the total activities were detected in the periplasmic fraction, and 22% (APase) and 97% (P-gal) of the total activities were detected in the cellular fraction, respectively. Total CGTase activity of E. coli(pCS8) was 5.82 U (ml culture)-', which is about 70% of the enzyme activity produced by alkalophilic Bacillus sp. strain no. 38-2, cultivated for 3 d at 37 "C in alkaline medium. Although the production of the enzyme by alkalophilic Bacillus sp. strain no. 38-2 was glucose repressed, the synthesis of the CGTase in E. coli was not inhibited by addition of glucose.
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(ii) Immunological studies. The CGTase of E. coli HBlOl(pCS8) was tested against antiserum prepared against the CGTase of Bacillus sp. strain no. 38-2. The CGTase of E. coli HB101 (pCS8) gave a line of precipitation which fused with that for CGTase from Bacillus sp. strain no. 38-2. No reaction was observed with E. coli HBlOl(pBR322). The addition of 15 pl antiserum in the activity assay system caused 100% inhibition of the CGTase activity (about 200 m u ) from E. coli HBlOl(pCS8). (iii) M,. The Mr of pCS8-encoded CGTase (periplasmic) was estimated to be 68000 by the SDS-PAGE method of Weber et al. (1972) .
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Determination of amino acid composition and N-terminal amino acid sequence
The amino acid composition of the extracellular CGTase of alkalophilic Bacillus sp. strain no. 38-2 is presented in Table 1 . Molar ratios obtained by amino acid analysis were closely consistent with those deduced from the DNA sequence. The NH,-terminal sequence of the purified CGTase was determined by automated Edman degradation up to the 17th residue to be Ala-Pro-Asp-Thr-Ser-Val-Ser-Asn-Lys-Gln-Asn-Phe-Ser-Thr-Asp-Val-Ile-. This amino acid sequence was identical to that deduced from the DNA sequence starting at position 82 in Fig. 3 . Therefore, 27 amino acid residues (residues -27 to -1) may be a signal peptide which is removed during the secretion process.
T . K A N E K O , T . HAMAMOTO AND K . H O R I K O S H I D I S C U S S I O N
We have now cloned and analysed the nucleotide sequence of the CGTase gene of alkalophilic Bacillus sp. no. 38-2. There is a single open reading frame of 2136 bp beginning with an ATG initiation codon at the nucleotide + 1 and ending with a TAA termination codon at + 2137. The sequence of the N-terminal 17 amino acids of the extracellular CGTase from alkalophilic Bacillus sp. no. 38-2 was determined with a peptide sequencer. This amino acid sequence was identical to that deduced from the DNA sequence (nucleotide positions 82 to 132, Fig. 3 ). This result suggested that the first 27 amino acid residues, from the initiator Met to the Ala at position 80 in the nucleotide sequence, represented a signal peptide which was removed during secretion of the CGTase. The amino acid sequence of this peptide, with several positively charged amino acids near the N-terminus followed by a hydrophobic amino acid core and alanine at the Cterminal end, is consistent with the signal peptides from other Gram-positive bacteria (BCguin et al., 1985; Kato et al., 1985; Murphy et al., 1984; Palva et al., 1981 ; Stephens et al., 1984; Yang et al., 1983) . Localization of appreciable amounts of the enzyme in the periplasm suggested that this signal peptide is also functional in E. coli, but we have no information on the N-terminal sequence or the M , of the periplasmic CGTse from the transformant. Thus, according to the nucleotide sequence, the mature CGTase comprises 685 amino acids and has an M , of 75 160. The Shine-Dalgarno (SD) sequence GAGGAGG (McLaughlin et al., 1981) , which is highly complementary to the 3' end of B. subtilis 16s rRNA (Murray & Rabinowitz, 1982) , was observed 6 bp upstream of the initiation codon. The expression of the CGTase gene in E. coli was not affected by the orientation of the inserted fragment in pBR322. We assume that the promoter which works in E. coli exists upstream of the open reading frame; however, no clear promoter-like sequence was found in the EcoRI-BclI fragment.
The nucleotide sequence and the amino acid sequence of this CGTase have strong homology with the Bacillus macerans CGTase (Takano et al., 1986 ). Fig. 5 shows the alignment between these sequences. In the amino acid sequences, 448 (63%) of the aligned amino acids are identical. The overall homology of the aligned nucleotide sequences is 64%.
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